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Robust Control Design for a Master-Slave Robotic System Considering
Environmental Uncertainties and Communication Delay
Toru NAMERIKAWA 5?Ruiqu LIN?Satoshi ITO and Hisanosuke KAWADA
 5 Division of Electrical Engineering and Computer Science, Kanazawa University
Kakuma, Kanazawa 920-1192 Japan
In this paper, a linear robust control system design based on μ-synthesis is proposed
for impedance shaped 2-DOF robot manipulators in bilateral master-slave robotic system with
environmental uncertainties and communication delay.
? A general condition based on the structured singular value μ for robustness of a bilateral master-
slave robotic system is derived. The proposed control methodology can guarantee the robust stability
and the robust performance for environmental uncertainty, perturbation of operator dynamics,
perturbation of master and slave robot manipulator dynamics and constant communication delay of
the master-slave robotic system. Several experimental results show the effectiveness of our proposed
approach for various environmental uncertainties and constant communication delay.
Key Words : Robust Control, Master-Slave Robotic System, μ-Synthesis, Environmental Uncertainties,
Constant Communication Delay
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M θ  ¨θ C θ   ˙θG θ   τm  JT  θ  fm (1)
M θ  ¨θ C θ   ˙θ G θ   τs  JT  θ  fs (2)
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τm  M θ MmJ θ 1Mm ˙J θ  ˙θ DmJ θ  ˙θ
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Zop s ˙Xm  fop fm (12)












Mop, Menv, Dop, Denv, Kop, Kenv???? 22????
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Linearized Master Arm with Operator 
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fmx  fsx  Zi svms (16)
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Fig. 3 Intervening impedance model
???? e??????????????????
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  fmx  fsx (19)
?????????????????? erel , eabs??
??????????
erel  ed  e  eabs  vmsd  vms (20)
???????????????????2???




?? Zm s?Zs s? X ??? Zmx s?Zsx s????
????????
Zmx s  ˆZmx sδZmx s (21)
Zsx s  ˆZsx sδZsx s (22)




δZmx s  δmmsδbm (23)
δZsx s  δmssδbs (24)
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Fig. 5 Generalized plant with uncertainties
???????????????????????





Δmss  diagΔop Δenv Δm Δs Δt  Δper f  (37)
????6???????????????????




















mm  ms  20kg  dm  ds  02Ns/m
mop  10kg  dop  20Ns/m  kop  100N/m
menv  0kg  denv  0Ns/m  kenv  1000N/m


























































Fig. 7 μ plot of the closed-loop system
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Fig. 8 Slave manipulator and spring environment
???????????
 Case 1: ???????? (k1  100[N/m])???
???????? 0[msec]???.















Fig. 9 Force reflecting servo type (FRST)
Table 1 Parameters of K f  s and Kp s
Case1 Case2
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Fig. 10 Experimental results : Case 1 (Slave restricted
by k1, with 0[msec] time delay)






















































Fig. 11 Experimental results : Case 2 (Slave restricted









































































Fig. 12 Absolute value of all experimental position er-
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Fig. 13 Absolute value of all experimental force error
data between master and slave manipulators
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